Integrated Weed Management for Maize Crop in Croatia by SVEČNJAK, Zlatko et al.
 505 
Bulletin UASVM Agriculture, 66 (1)/2009 
Print ISSN 1843-5246; Electronic ISSN 1843-5386 
 
Integrated Weed Management for Maize Crop in Croatia 
 
Zlatko SVEČNJAK*, Klara BARIĆ, Dubravko MAĆEŠIĆ, Boris DURALIJA,  
Jerko GUNJAČA 
 
Faculty of Agriculture University of Zagreb, Svetošimunska 25, 10000 Zagreb, Croatia; 
*
 corresponding author: svecnjak@agr.hr  
 
Abstract. Concern about the effects of herbicides on the environment is the main stimulus to 
reduce their use in maize (Zea mays L.). Field research was conducted over two years to evaluate the 
efficacy of integrated weed management combining two seedbed practices at planting (no-till vs. tilled 
seedbeds), mechanical (0-3 inter-row cultivations) and chemical (none, band- and broadcast applied 
herbicide) methods on maize grain yield. Although seedbed practice had no effect on crop emergence, 
tilled seedbeds tended to produce larger grain yield than no-till seedbeds because of better control of 
early germinating weeds. Consequently, grain yield in no-till seedbeds consistently increased with 
each cultivation up to three passes because of improved weed control. However, the largest yield in 
tilled seedbeds occurred with two cultivations and then slightly decreased following third cultivation 
pass. Band herbicide application (50 % reduction in herbicide use compared to broadcast application) 
resulted in higher yield than one cultivation alone, whereas opposite responses occurred after multiple 
cultivation passes. Grain yield responded positively to one and two cultivation passes even when 
weeds were controlled by pre-emergence chemical method. Our findings indicated that banded 
herbicide application provided effective weed control in maize crop when complemented with two 
inter-row cultivations regardless of the method of seedbed preparation; thus making a viable option for 
Croatian farmers to lower herbicide load on the environment.  
 




Maize, a warm season crop, suffers severe competition from early germinating weeds 
because of slow early development and wide row spacing (Subedi and Ma, 2009). Half a 
century ago, Vengris et al. (1955) found that the uncontrolled weed population can 
substantially reduce maize grain yields, particularly on fertilized plots. In Croatia, maize is the 
most important arable crop that occupies about 350 000 ha (Državni zavod za statistiku, 2007) 
and amounts to the greatest use of herbicides. Croatian farmers rely primarily on herbicides 
for weed control due to their effectiveness and ease of use. However, current environmental 
concern over the potential contamination of ground and surface waters has resulted in 
renewed interest in integrated weed management in maize production.  
One way to reduce herbicide use in maize production systems is to diminish the 
herbicide dose per hectare. The duration of weed control is shortened at reduced herbicide 
rates, but weeds emerging later can be easily controlled by inter-row cultivation. Mulder and 
Doll (1993) reported a minimum risk of maize yield loss when a 50-75 % reduction in 
herbicide was combined with mechanical weeding. Another method of reducing herbicide use 
is band herbicide application complemented with mechanical weed management. Inter-row 
cultivation alone has been reported to control weeds less effectively than herbicides, 
regardless of the number of passes (Hartzler et al., 1993). However, studies done by 
Buchholtz and Doersch (1968) showed that cultivation combined with broadcast herbicide 
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application resulted in improved weed control, which resulted in 6 % yield increase. On soil 
susceptible to crusting, Prihar and Van Doren (1967) reported that cultivation increased maize 
grain yields even in weed-free crop by 25 %. Those yield increases were attributed to 
increased soil aeration and water infiltration. Meggitt (1960) also found that there is an 
increase in maize grain yield on heavier soils as a result of one or two cultivations. In contrast, 
the author reported little or no benefit from inter-row cultivation on lighter soils as long as 
weeds were controlled by other means. These findings are similar to the results of Courson 
(1965), who concluded that as long as weeds are controlled with herbicides, there was no 
increase in maize grain yield with supplementary inter-row cultivation. Moreover, Buchholtz 
and Doersch (1968) reported that cultivation may at times reduce potential grain yields by 
injuring the maize. There is an opportunity to reduce herbicide use in Croatia by the adoption 
of band application because many farmers already use inter-row cultivation for N dressing 
during the early growth (between the 3 and 10 leaf stage) of the maize crop  
The method of seedbed preparation may also have an important effect on the number 
of weeds emerging with the maize crop (Wicks and Somerhalder, 1971). Moreover, the 
efficacy of pre-emergence herbicide application was reported to be increased when soil was 
tilled compared to no-tilled soil at planting (Zhang et al., 2000). 
Our objective was to evaluate the efficacy of inter-row cultivation combined with 
band- and broadcast applied herbicides in maize planted into tilled and no-till seedbeds.   
 
MATERIALS AND METHODS 
 
Field experiments were conducted over two growing seasons at the experimental field 
in Maksimir, Zagreb, of the Faculty of Agriculture University of Zagreb. The soil type was a 
typical Udifluvents. The previous crop in both growing seasons was winter wheat (Triticum 
aestivum L.). The field location was changed yearly to eliminate residual treatment effects 
that would affect the uniformity of weed population within the experimental area. 
In October of the previous year, 500 kg ha-1 of 8-26-26 (N-P-K) combined with 100 
kg ha-1 of urea (46 % N) were broadcast before fall ploughing. A broadcast application of urea 
(150 kg ha-1 of N) was additionally applied in early spring about 3 to 4 weeks before maize 
planting and plots were than harrowed to incorporate this spring added urea into the soil. The 
two methods of seedbed preparation used in our study are referred to as tilled and no-till 
seedbeds. The tilled seedbeds were prepared by tandem disking and harrowing one day before 
maize planting, which is a common practice for many Croatian farmers. In the no-till 
seedbeds, soil was left undisturbed after harrowing in early spring and maize was directly 
planted. Maize was planted on 18 April 2003 and 27 April 2004 within the optimum planting 
window in the region. Maize hybrid PF Zg 474 was planted 5 cm deep in 70 cm wide rows at 
68 000 seeds ha-1. Plots were 2.8 m (four 70 cm rows) by 9.0 m, and all treatments were 
replicated four times. 
The chemical methods of weed control practices included unsprayed plots, band- and 
broadcast applied herbicides. In plots receiving band- or broadcast applied herbicides, the pre-
emergence herbicides were applied within 3 days after maize planting. Herbicides were 
atrazine at 1.1 kg ha-1 plus metolachlor at 2.0 kg ha-1. Herbicides were applied either 
broadcast or in a 35-cm band over the crop row with a back-mounted sprayer pressurized by 
compressed air. The sprayer was calibrated to deliver 200 L ha-1 through flat-fan nozzles that 
operated 35 cm above the target surface. Inter-row cultivation treatments included cultivation 
when the maize was approximately 10 to 15 cm tall (one pass), the first pass followed by a 
second pass when maize was 40 to 50 cm tall (two pass), the first two passes followed by a 
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third pass ~ 15 days later (three pass), or no cultivation. Inter-row cultivation was done with a 
tractor mounted cultivator GASPARDO HL-F4 (GASPARDO Seminatrici S.p.A., 33075 
Morsano al Tagliamento, Italy) equipped with goosefoot shovels that were 15 cm wide from 
the maize row and operated at a depth of 7 cm in each cultivation pass. Thus, four levels of 
cultivation: 0, 1, 2, and 3, were used in combination with each of the previously mentioned 
herbicide treatment under the two methods of seedbed preparation at planting (tilled vs. no-till 
seedbeds).  
Maize injury was evaluated after each cultivation pass. Plant height (the distance from 
the soil surface to the first tassel branch) was measured after silking. Weed biomass fresh 
weight was determined after physiological maturity of the crop by cutting weeds at ground 
level in an area between the central two rows of maize (6.3 m2). Weed samples of around 300 
g fresh weight were taken and dried at 80°C until constant weight to determine dry matter 
content. The full length of the central two rows of each plot was machine harvested to 
measure grain yield. The maize crop was harvested on 25 October 2003 and 7 November 
2004. Grain yields were adjusted to 140 g kg-1 moisture on a dry-weight basis. 
The experimental design was 2 × 4 × 3 factorial in a split-plot with four replications. 
Two methods of seedbed preparation (no-till vs. tilled) as main plots, and subplot factor 
representing a combination of two original factors, namely inter-row cultivation and herbicide 
treatment. All data were subjected to ANOVA using the PROC MIXED procedure of SAS 
(SAS Inst., 1997). Means were separated by LSD at P = 0.05 using the appropriate error 
terms. 
 
RESULTS AND DISCUSSION 
 
Averaged over all other treatments, seedbed practice showed no effect on crop 
establishment, but affected maize grain yield (Tab. 1). No-till seedbeds consistently had lower 
grain yield (8453 kg ha-1) than plots with tilled seedbeds at planting (9802 kg ha-1). This yield 
reduction in no-till seedbeds was primarily caused by higher weed emergence occurring 
concurrently with crop emergence, which in turn, resulted in larger dry weed biomass (690 kg 
ha-1)  than in plots with tilled seedbeds (593 kg ha-1). Murphy et al. (1996) also indicated that 
effective early-season weed management is crucial as the later-emerging weeds were less 
important in terms of their effect on maize yield. 
Similarly to grain yield response (Tab. 1), a reduction in maize plant height occurred 
in no-till seedbeds when compared to tilled ones. This is consistent with Meggitt (1960), who 
reported that height of maize substantiated results shown by grain yields. Hall et al. (1992) 
demonstrated that competition of weeds for photosynthetically active radiation, soil nutrients 
and moisture may result in reduced number, area and life span of maize leaves. Although we 
did not measure those leaf parameters, no-till seedbeds had on average four times greater 
number of barren plants per hectare (3990) than the tilled seedbeds (1049) in our study. The 
method of seedbed preparation also changed the weed population in the field. Main weeds 
that infested maize each year in no-till seedbeds were corn chamomile (Anthemis arvensis L.), 
common lambsquarters (Chenopodium album L.), and birdsrape mustard (Brassica 
campestris L.), listed by their levels of abundance. In contrast, main weeds in tilled seedbeds 
were barnyardgrass [Echinochloa crus-galli (L.) Beauv.] followed by redroot pigweed 
(Amaranthus retroflexus L.). Thus, it appears that preplant tillage practice may affect the 
population of early germinating weeds like corn chamomile and common lambsquarters in a 
maize crop. Lower weed infestation occurred in 2003, whereas the growing season of 2004 
was characterized by higher weed pressure. A period of dry weather after maize planting in 
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2003 (data not shown) most likely delayed weed germination and reduced weed cover 
compared to that observed in the following year. Aboveground weed biomass averaged 303 
kg ha-1 in 2003 and 949 kg ha-1 in 2004.  
Tab. 1.  
Combined analysis of variance for maize grain yield, stand density, barren plants, plant height and weed biomass. 
 







Plant height Weed biomass 
Growing season (Y) 2 * NS NS * * 
Rep/Y   6 — — — — — 
Seedbed practice (SP) 1 *** NS ** ** * 
Y × SP 1 NS NS NS NS NS 
     Error a 6 — — — — — 
Herbicide (H) 2 *** NS ** *** * 
Cultivation (C) 3 *** NS *** *** * 
Y × H 2 *** NS NS NS * 
Y × C 3 *** NS ** NS * 
H × C  6 *** NS NS NS * 
Y × H × C 6 NS NS NS NS NS 
Error b 66 — — — — — 
SP × H 2 NS NS NS ** NS 
SP × C 3 *** NS * *** * 
Y × SP × H 2 NS NS NS NS NS 
Y × SP × C 3 ** NS * NS NS 
SP × H × C 6 NS NS NS NS NS 
Y × SP × H × C 6 NS NS NS NS NS 
Error c 66 — — — — — 
*,**, ***, NS      Significant at P = 0.05, 0.01, and 0.001 levels, and not significant, respectively. 
 
Grain yields were affected by cultivation, herbicide, and their interactions (Tab. 1). 
Although inter-row cultivation reduced the maize population in a study conducted by Mohler 
et al. (1997), crop density at harvest did not differ between plots treated with cultivation when 
compared to uncultivated plots in this research (Tab. 1). On average, one cultivation pass 
increased maize yield by a 12 % (936 kg ha-1) with respect to plots without mechanical 
treatment. Two cultivation passes brought about a further increase in grain yield by 28,1 % 
(2194 kg ha-1) when compared to uncultivated plots. These yield increases following one and 
two cultivations were primarily due to lower weed biomass, which was consistent with higher 
maize plant heights and reduced number of barren plants per hectare (Tab. 2). When averaged 
over all other treatments, two and three cultivations were similar in weed control efficiency 
and grain yield.  
A significant seedbed practice × cultivation interaction (Tab. 1) indicated that yield 
responses to cultivation were affected by the method of seedbed preparation. The largest 
differences in grain yields between tilled and no-till seedbeds existed in plots receiving no 
mechanical treatment (Tab. 2). Following the first cultivation pass, yield increases in no-till 
seedbeds were twice larger (1262 kg ha-1) than those in tilled seedbeds (608 kg ha-1). In tilled 
seedbeds, which consistently had lower weed biomass than no-till seedbeds, grain yields 
improved only up to two cultivations and then leveled off with the third pass of cultivation 






Tab. 2.  
The effect of seedbed practice and inter-row cultivation on average maize grain yield, plant population, plant 
height and weed biomass. 
 
Seedbed practice  
Inter-row 
cultivation Grain yield 
Stand 
density Barren plants Plant height 
Weed 
biomass 
    kg ha-1 no. per hectare cm kg ha-1 
No-till seedbed None   6593 62975 7238 206 1435 
  1 cultivation   7855 63604 4146 214 987 
  2 cultivations   9627 63364 2443 222 231 
  3 cultivations   9739 63342 2133 227 107 
Tilled seedbed None   9014 64232 1195 236 1190 
  1 cultivation   9622 62264 1529 236 757 
  2 cultivations 10366 63988  719 240 122 
  3 cultivations 10205 63046  752 242 181 
LSD (0.05)†     946 NS§ 2456   11 407 
LSD (0.05)‡     754  1957    8 402 
† LSD values for comparing means within the same cultivation level. 
‡ LSD values for comparing means within the same method of seedbed preparation. 
§ Not significant for seedbed practice × cultivation interaction at P = 0.05. 
 
Averaged over the other treatments, band application of herbicide brought about 
significant increase in maize yield of 12 % (1511 kg ha-1) compared to unsprayed plots. This 
was because banded herbicides effectively controlled weeds over the maize row (in-row 
weeds). Broadcast herbicide application was the most efficient weed control method and 
produced the largest yield improvements that averaged 24 % when compared to unsprayed 
plots. These results are a consequence of weeding efficiency because weed biomass 
significantly decreased in plots with band- and broadcast applied herbicide by an average of 
49 and 74 %, respectively. Moomaw and Robinson (1973) also reported that band 
applications of herbicides resulted in greater weed population than broadcast application, but 
adequate control was achieved to protect crop yield from yield loss.  
The absence of herbicide × seedbed practice interaction (Tab. 1) indicates that grain 
yield increases after chemical treatment were similar in both no-till and tilled seedbeds. These 
results demonstrate that the efficacy of herbicide application in our experiment was not 
affected by the method of seedbed preparation. Previous research indicated that the efficacy 
of surface-applied herbicide might be more successful when soil was tilled compared to no-till 
soil (Zhang et al., 2000).  
Significant herbicide × cultivation interactions occurred for grain yield and weed 
biomass (Tab. 1). In plots receiving no chemical or mechanical treatment (weedy-check), 
weed biomass and grain yields averaged 2003 kg ha-1 and 5940 kg ha-1, respectively. 
Following one cultivation pass, maize yields significantly increased in comparison to the 
weedy-check (Tab. 3). Band applied herbicides over the maize row brought about even larger 
increment in maize yield (Tab. 3), despite the similar weed biomass for banded herbicide and 
one cultivation pass (data not shown). These results clearly demonstrate that controlling in-
row weed with banded herbicides is more important that controlling weeds between rows by 
inter-row cultivation. Treatments that controlled weeds the best over the maize row provided 
the highest yield also in a research by Leblanc et al. (1995) and Mohler et al. (1997). 
However, two cultivations were more efficient in weed control than band herbicide 
application, which resulted in larger grain yields for the former (Tab. 3). These results 
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demonstrate that weeds emerging after the first cultivation pass when maize was 10-15 cm 
high (3-5 leaf stage) had an important effect on maize yield performance. Meggitt (1960) also 
found that a 12-inch weed-free band over the maize row plus one inter-row cultivation at 3-4 
leaf stage was not sufficient to eliminate weed competition. In contrast, Murphy et al. (1996) 
reported that the second inter-row cultivation after the three-leaf stage of maize did not affect 
yield. However, Hall et al. (1992) indicated that the critical period of weed control in maize is 
between the 5 and 14 leaf stage, which is in concordance with our results. Grain yields in 
unsprayed plots consistently increased up to three cultivation passes when they averaged 9695 
kg ha-1, producing yields equal to those with broadcast applied herbicides without mechanical 
treatment (9279 kg ha-1). Buchholtz and Doersch (1968) also reported similar results, whereas 
Pleasant et al. (1994) found that cultivation alone controlled fewer weeds than broadcast 
herbicides alone, even with multiple passes. Although relying on inter-row cultivation alone 
was effective in protecting maize yields, this mechanical method resulted in more weed 
escapes than broadcast herbicide application (data not shown). After a wide scale on-farm 
evaluation of integrated weed management across Iowa, Hartzler et al. (1993) indicated that 
most farmers expressed concerns pertaining to the impact of escaped weeds on the appearance 
of the field and on future weed problems although those escaped weeds did not affect the 
maize yield.  
Tab. 3. 
Effect of inter-row cultivation and herbicide application on average maize grain yield. 
 
Inter-row cultivation Herbicide 
application 0 1 2 3 
 
_________________________________________
 kg ha-1 _________________________________________ 
None 5940 7237 9037 9695 
Band 8194 9102 10428 10227 
Broadcast 9276 9877 10525 9994 
                                                  LSD (0.05) = 1067 kg ha-1 
 
Interestingly, grain yields increased following one and two cultivation passes even in 
the plots receiving broadcast chemical treatment (Tab. 3). These improved yields may be 
partly attributed to the improved weed control because herbicide-treated plots that were 
cultivated produced less weeds than plots receiving comparable herbicide application but no 
cultivation. Weeds occurring in broadcast sprayed plots were mainly Canada thistle (Cirsium 
arvense L.), wild buckwheat (Polygonum convolvulus L.) and black nightshade (Solanum 
nigrum L.). Thus, inter-row cultivation showed to be beneficial for the control of perennials 
and late emerging weeds that were not suppressed by pre-emergence chemical treatments. 
Staniforth and Wiese (1985) also highlighted the importance of integrating inter-row 
cultivation into the cropping system because it may prevent the development of herbicide-
resistant weed populations and delay or prevent the increase in perennial weed species. 
However, weed biomass in broadcast sprayed plots was relatively small in our study, 
especially after one cultivation (data not shown). Thus, the action of the cultivator in 
loosening the soil might have created a more favorable environment for maize growth, 
resulting in increased grain yields in broadcast sprayed plots. Almost a century ago, Cates and 
Cox (1912) concluded that cultivation is not beneficial to the maize plant except for removing 
the weeds. However, Meggitt (1960) found that one or two cultivations were needed to 
provide maximum corn yields when the soil was in poor tilth. In Illinois over a 3-year period, 
Johnson (1985) also reported consistently higher maize yields with cultivation, which he 
attributed to increased aeration and water infiltration. The absence of herbicide × cultivation × 
 511 
seedbed practice indicated similar grain yield responses to chemical and mechanical weed 




Although seedbed practice showed no effect on crop emergence, tilled seedbeds 
produced significantly larger grain yields than no-till seedbeds. These yield reductions in no-
till seedbeds were primarily caused by greater weed biomass, which in turn, brought about 
smaller maize plants and more barren plants per hectare. Consequently, grain yields in no-till 
seedbeds consistently increased by each level of cultivation primarily due to additional weed 
control. However, the largest yields in tilled seedbeds occurred with two cultivations and then 
slightly decreased following third cultivation pass. Band herbicide application over the maize 
row resulted in higher yields than one single cultivation pass, whereas opposite responses 
occurred after multiple cultivations. The broadcast herbicide application was the most 
effective weed control method in plots receiving no mechanical treatment or one cultivation 
only. Grain yields responded positively to one and two cultivation passes even when weeds 
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